Abstract. In order to simplify the generation of phase-shifting waveform and reduce the range of phase angle, an angel-fixed method to generate the phase-shifting waveform is presented in this paper. Firstly, it studies the advantages and the topology structure of the bi-directional full-bridge DC-DC converter, compares the advantages and disadvantages of the phase-shifting control and DC voltage variable control, and analyzes the principle of the phase-shifting control. So the soft switching conditions and the transmission characteristics can be concluded. Then, a new method of generating phase-shifting waveform is designed, which is easy to change phase-shifting angle. The method above fixes the waveform of primary side and can only change the waveform phase angel of the secondary side. So it is more convenient to change the phase-shifting angle and beneficial to reduce the transmission power consumption. Moreover, due to the generation of fixed waveform, the phase-shift angle varies in the range of 90 degrees, which is conducive to the realization of soft switching. Finally, the practical experiment proves that it can not only realize the soft switching but also reduce the transmission power consumption.
Introduction
With the popularization of photovoltaic generation technology, photovoltaic grid-connected system has become the main trend. Compared with the former system, the photovoltaic grid-connected system with the energy storing meet the needs of family and business users better [1, 2] .
Bi-directional full-bridge DC-DC converter has two control modes. DC variable voltage control, that is, invert DC to AC by the full-bridge, then raise the AC voltage by the transformer, and convert AC to DC. Because AC voltage can only be lower than the DC voltage in the inverter, the power ratio is determined by the transformer and the range is limited [3] . The phase-shifting control can produce a square wave signal with a phase-shifting in the primary and secondary side of the bi-directional full-bridge circuit by controlling the driving pulse of two full-bridge. The power and transmission direction can be adjusted by controlling the phase-shifting angle. The phase-shifting control has not only higher transformer ratio compared with DC variable control, but also can realize soft switching, and have small system inertia and fast dynamic response [4] .
In this paper, an angel-fixed method to generate the phase-shifting waveform is designed. First, it introduces the topology structure of the bi-directional full-bridge DC-DC converter, then it analyzes the principle of phase-shifting control. Secondly, it concludes the influences of phase-shifting angel on the soft switching and the transmission power. Based on the study of the soft switching conditions and transmission characteristics, the angel-fixed method is designed, it is more convenient to change the phase-shifting angel and beneficial to reduce the transmission power loss. Finally, the method is applied in practical experiment and realizes the soft switching and reduces the power consumption.
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Bi-directional Full-bridge DC-DC Converter
Full-bridge DC-DC converter voltage stress is smaller, and is suitable for high power applications. The bi-directional full-bridge DC-DC converter adds a power transistor on the diode, so that secondary side can also control the switch, as shown in Fig. 1 .
Fig. 1. Bi-directional Fullbridge Converter
The Characteristics of Phase-shifting Control Transmission Power Analysis. According to the analysis of second section, inductance current can be changed by the phase-shifting angel, so that we can control the direction and size of the power on bi-directional full-bridge, the lead square wave is output direction, the lag square wave is the direction of the input, the transmission direction of the circuit is from lead square wave to the lag square wave. Fig. 2 shows the relationship between phase-shifting angle and transmission power. The curve also shows that the transmission power is the maximum when the D=0.5 and -0.5. When the phase angle is 0 degrees and 180 degrees, the power transmission is 0.
Soft Switching Analysis. According to the work condition, when the inductor current is negative, the inductance current flows through the diode of the S1 and S4. At this time switches close, switch voltage is only diode forward voltage, which realizes zero voltage switching. On the secondary side, when the inductance current is negative, the current of the secondary side flows through the diode of S5 and S8. At this time switches close, switch voltage is diode forward voltage, which realizes zero voltage switching.
Therefore, in order to realize the zero voltage switching on both primary side and secondary side. The inductor current at the t 0 time is negative, at t 1 time is positive, which is shown as
According to Eq. 1, Fig. 3 can be obtained. From the Fig. 3 the soft switching ranging from the dotted line to the solid line.
Fig. 3. Soft Switching
The Generation of Phase-shifting Wave. The generation of the phase-shifting wave is to use each counter with comparators CMPA and CMPB. When the counter rises to the setting value of CMPA, the output waveform becomes positive. When the counter declines to the setting value of CMPB, the output waveform becomes negative. So the square wave of one side can be got.
By setting the comparators for two different values, we can get the square waves of different phases, as long as the value of CMPB2-CMPB1 is equal to the value of CMPA2-CMPA1, but this method needs to change the two phases of square waves, which is complicated. Setting the value of CMPA1 and CMPB1 for the midpoint, the phase-shifting angel can be changed by the CMPA2 and CMPB2, as shown in Fig. 4 . Because the comparators of switch S1 set value for the midpoint, so the maximum difference value between the comparators of the switch S5 and S1 is 1/4T, in which the maximum phase-shifting angle is 90 degrees.
The Experiment Analysis
Experiments are carried out with load. The phase-shifting angle of the experiment is 60 degrees. In this case, both primary and secondary side switch realizes ZVS, as shown in Fig. 5 . 
Conclusions
In this paper an angel-fixed method of generating the phase-shifting waveform is designed. First, the bi-directional DC-DC full-bridge converter is introduced, compared with other structures, its voltage stress is smaller and it is suitable for high power applications. Second, based on the analysis of the principle of phase-shifting control, it concludes the soft switching conditions and transmission power consumption, to realize the soft switching, the phase-shifting angel should be lower than 90 degrees. Then the angel-fixed method is designed, the new method fixes the waveform of primary side and can only change the waveform phase angel of the secondary side, which is more convenient to change the phase-shifting angle. Moreover, due to the phase-shifting angle within 90 degrees, it is beneficial to reduce the power consumption of the system and realize the soft switching. Finally, the practical experiment verifies the method above can not only realize the soft switching, but also reduce the transmission power consumption.
